Protoplanetary discs (PPDs) in the Orion Nebula Cluster (ONC) are irradiated by UV fields from the massive star θ 1 C. This drives thermal winds, inducing mass loss rates of up to M wind ∼ 10 −7 M yr −1 in the 'proplyds' (ionised PPDs) close to the centre. For the mean age of the ONC and reasonable initial PPD masses, such mass loss rates imply that discs should have been dispersed. However, ∼ 80% of stars still exhibit a NIR excess, suggesting that significant circumstellar mass remains. This 'proplyd lifetime problem' has persisted since the discovery of photoevaporating discs in the core of the ONC by O'Dell & Wen (1994) . In this work, we demonstrate how an extended period of star formation can solve this problem. Coupling N-body calculations and a viscous disc evolution model, we obtain high disc fractions at the present day. This is partly due to the migration of older stars outwards, and younger stars inwards such that the most strongly irradiated PPDs are also the youngest. We show how the disc mass distribution can be used to test the recent claims in the literature for multiple stellar populations in the ONC. Our model also explains the recent finding that host mass and PPD mass are only weakly correlated, in contrast with other regions of similar age. We conclude that the status of the ONC as the archetype for understanding the influence of environment on planet formation is undeserved; the complex star formation history (involving star formation episodes within ∼ 0.8 Myr of the present day) results in confusing signatures in the PPD population.
INTRODUCTION
Protoplanetary discs (PPDs) are discs of dust and gas around a young star, which is the material available for the formation of planets. The time permitted for planet formation is therefore limited by the lifetime of PPDs. The dispersal timescale for discs in relatively isolated environments is empirically found to be ∼ 3 Myr (Haisch et al. 2001; Fedele et al. 2010; Ingleby et al. 2012; Ribas et al. 2015) , which approximately coincides with the formation timescale for giant planets by core accretion (see Helled et al. 2014 , for a recent review). For discs which are dispersed more rapidly than this, giant planet formation may be curtailed. Giant planets play an important role in planetary dynamics and the distribution of molecules towards the inner terrestrial planets (e.g Chambers & Wetherill 2001; Batygin & Laughlin 2015; Agnew et al. 2018) . Hence, quantifying the factors that determine PPD dispersal are important in understanding observed exoplanet architectures and chemistry.
a.j.winter@le.ac.uk A growing body of work suggests that planet formation is strongly dependent on the birth environment of the host star. Stars preferentially form in groups (Lada & Lada 2003) , and in sufficiently dense environments the evolution of a PPD can be significantly influenced by neighbours (de Juan Ovelar et al. 2012) . Close star-disc encounters are one such environmental influence on PPDs that can result in enhanced accretion and hasten disc depletion (Clarke & Pringle 1993; Ostriker 1994; Pfalzner et al. 2005; Olczak et al. 2006; Winter et al. 2018a; Bate 2018; Cuello et al. 2019) . However, the stellar number densities required for tidal truncation are high, and in practice few observed regions satisfy this condition (Winter et al. 2018b (Winter et al. , 2019a . The influence of tidal truncation is therefore limited to stellar multiples, either in bound systems (Dai et al. 2015; Kurtovic et al. 2018) or during the decay of higher order multiplicity (Winter et al. 2018c ). Since stellar multiplicity does not appear to be strongly dependent on environment (see Duchêne & Kraus 2013 , for a review), this suggests that encounters are not an environmental influence, but may set disc initial conditions during the early phases of cluster evolution (Bate 2018) . Discs can also be exter-nally depleted via thermal winds driven by far ultraviolet (FUV) and extreme ultraviolet (EUV) photons from neighbouring massive stars (Johnstone et al. 1998; Störzer & Hollenbach 1999; Adams et al. 2004; Facchini et al. 2016; Haworth et al. 2018; Haworth & Clarke 2019) . This process of external photoevaporation dominates over dynamical encounters in observed environments, and can deplete PPDs rapidly for many stars that are born in massive and dense clustered environments (Scally & Clarke 2001; Winter et al. 2018b) . Many stars in the solar neighbourhood are born in regions where UV fields are sufficient to significantly shorten disc lifetimes (Fatuzzo & Adams 2008; Winter et al. 2018b) , and the fraction of stars born in such environments may be much greater outside of this region, dependent on galactic environment (Winter et al. 2019a) .
The first observational evidence of the external photoevaporation of PPDs were the 'proplyds' in the Orion Nebula Cluster (ONC -O'Dell & Wen 1994) . These cometlike structures are PPDs that are exposed to strong FUV and EUV flux (F FUV 10 4 G 0 1 ) originating from the O star θ 1 C Ori. Johnstone et al. (1998) explained the morphology of proplyds as the illuminated ionisation front surrounding photoevaporating discs, which experience significant mass loss due to thermal winds. The mass loss rates for proplyds inferred from theory (Johnstone et al. 1998; Störzer & Hollenbach 1999) and observations (Henney & Arthur 1998; Henney & O'Dell 1999; Henney et al. 2002) are ∼ 10 −8 -10 −6 M yr −1 for PPDs close ( 0.3 pc) to θ 1 C. Such rapid mass loss suggests that either the discs were initially extremely massive ( 1 M ) or θ 1 C Ori is very young ( 0.1 Myr). The former explanation is physically implausible since discs with masses greater than the host star are dynamically unstable and short-lived. Indeed, typical disc masses in young PPD samples are 0.1 M (e.g. Tazzari et al. 2017; Ansdell et al. 2017) , based on standard assumptions on dust-to-gas ratio and mm opacity. The latter explanation, while possible, would mean a much younger age for θ 1 C than the rest of the stellar population; for example, Da Rio et al. (2010) find the stellar age distribution in the ONC peak at ∼ 2-3 Myr. Continuum observations at wavelengths where dust emission dominates over the freefree indicate that discs in the ONC are low mass, with the majority having a total mass M disc 0.01 M (assuming a fiducial dust-to-gas ratio of 10 −2 - Mann et al. 2014; Eisner et al. 2018) . Such a low mass would imply that we are observing the ONC at a special time, over the short ∼ 0.1 Myr period where discs are strongly irradiated and low mass but are still present around the majority of stars. This uncomfortable coincidence is known as the 'proplyd lifetime problem'.
The focus of this work is to address the proplyd lifetime problem from a modelling perspective using recent developments in both the theory of photoevaporating discs and observations of the star and disc population in the ONC. The most similar study to this work is that of Scally & Clarke (2001) , who produced an N-body model of the ONC coupled with theoretical photoevaporative mass loss rates. The aim was to test the idea put forward by Störzer & Hollenbach (1999) that radial orbits of stars could result in shorter periods of exposure to strong FUV flux close to θ 1 C, thus increasing the PPD dispersal timescale. The models demonstrated that such dynamical orbits alone are insufficient to produce significantly extended disc lifetimes. However, since that study a number of developments mean that the problem is due to be revisited. Firstly, thermodynamic calculations of conditions in photodissociation regions (PDRs) have been coupled with self-consistent equations for the thermally driven disc wind (Adams et al. 2004; Facchini et al. 2016; Haworth et al. 2018; Haworth & Clarke 2019) . In particular, the recent Fried grid (Haworth et al. 2018) can be interpolated across FUV flux, disc outer radius, and disc mass to calculate an instantaneous mass loss rate for a given PPD. Secondly, the recent sub-mm survey of disc masses and radii by Eisner et al. (2018, hereafter E18) offers further observational constraints on a successful model of PPD evolution, and the host-mass dependent disc properties permit a test of theoretical predictions. Thirdly, Beccari et al. (2017 , see also Jerabkova et al. 2019 ) recently found evidence of three stellar populations with distinct ages in the ONC. This has multiple consequences for models of a PPD population, most obviously that a subset of discs has evolved for a shorter period than the oldest stars in the region. Additionally, since stars are formed from gas, during the evolution of the cluster prior to the most recent formation event there may have been considerable intra-cluster extinction of UV photons. Understanding how such a scenario infuences the disc population would also represent a test of the hypothesis that discrete epochs of star formation occured in the ONC.
In the following work, we first review the properties of the ONC in Section 2. In Section 3 we summarise our numerical method and modelling approachs. We present our results in Section 4, where for each aspect of our model we also draw comparisons to recent works and discuss the consequences of our findings. The composite solution to the proplyd lifetime problem and caveats to our model are summarised in Section 5. Our main conclusions are drawn in Section 6.
PROPERTIES OF THE ONC
In the plane of the sky the ONC lies on the Orion A molecular cloud, a star forming region with a filamentary morphology and a mass of ∼ 5 × 10 4 M (Lombardi et al. 2014) . Menten et al. (2007) used Very Long Baseline Array (VLBA) measurements to calculate a distance of 414 ± 7 pc (see also Hirota et al. 2007; Kim et al. 2008) . Since the ONC exhibits relatively low extinction (A V ∼ 1.5 m - Johnson 1967; O'Dell & Yusef-Zadeh 2000; Da Rio et al. 2010) in the direction of its members, it must lie physically in front of the Orion Molecular Cloud (OMC), which can reach up to A V ∼ 50 m (Bergin et al. 1996; Scandariato et al. 2011; Lombardi et al. 2011) . In this section we review some pertinent empirically constrained properties of the stellar and disc population.
Stellar mass and density profile
The distribution of stars in the ONC appears slightly elliptical on the plane of the sky, extended along the north/south direction that traces the orientation of the Orion A molecular filament. However, for convenience most studies seeking to quantify the mass density profile assume spherical symmetry. Hillenbrand & Hartmann (1998) applied a King model to the observed population and found a central density of ∼ 2×10 4 stars pc −3 and a core radius of ∼ 0.2 pc (see also Da Rio et al. 2014 ). The total stellar mass is ∼ 4000 M inside 3 pc (although the definition of the ONC in terms of radial extent varies between studies).
There is evidence of mass segregation in the ONC, with the most massive stars found in the central regions (Hillenbrand 1997) . Since the half-mass relaxation time (Spitzer & Hart 1971) for the ONC is τ rh 5 Myr, it is unlikely that the stellar population would segregate in mass by its current age without an epoch of violent relaxation (Bonnell & Davies 1998; Allison et al. 2009 ). This suggests that either the ONC was primordially mass segregated, or a period of collapse occurred early during its evolution. In support of the latter hypothesis, Kuznetsova et al. (2018) find that cold collapse can reproduce kinematic signatures in the gas and stellar population similar to those around Orion A found by Da Rio et al. (2017) .
Stellar kinematics
The stars in the ONC have been the subject of a number of proper motion studies (Parenago 1954; Strand 1958; Jones & Walker 1988; van Altena et al. 1988; Dzib et al. 2017; Kuhn et al. 2019 ). Most recently, Kim et al. (2019) used long baseline Hubble Space Telescope (HST) observations and high resolution near-IR data from the Keck II telescope to achieve high precision proper motion measurements for 701 cluster members. They find that the velocity dispersion in RA and Dec are σ α = 1.57 ± 0.04 km/s and σ δ = 2.12 ± 0.06 km/s respectively. The greater dispersion along in the north/south direction (see also Jones & Walker 1988; Kuhn et al. 2019) , aligned with the Orion A molecular cloud, may be the result of the filaments' contribution to the gravitational potential.
Whether or not the ONC is expanding or contracting has historically been the subject of debate (see e.g. Muench et al. 2008) . Virial equilibrium in the ONC requires a onedimensional velocity dispersion of σ v ≈ 1.6 km/s (Da Rio et al. 2014) , comparable to the observed value. Recently, Kim et al. (2019) found no evidence of expansion by considering the mean radial component of the stellar proper motions (and discusses the contrary claim by Kuhn et al. 2019) . Overall, the evidence suggests that the ONC is close to virial equilibrium at the present time.
Stellar ages
Non-uniform extinction in the direction of the ONC (e.g. Da Rio et al. 2010) , as well as foreground stars which may be spatially distinct and older (Alves & Bouy 2012; Bouy et al. 2014) , complicate the determination of the stellar ages. The early study by Hillenbrand (1997) found a mean age of ∼ 1 Myr, with a spread of ∼ 2 Myr, with the youngest stars occupying the central regions (which coincides with the region close to θ 1 C, where proplyds are found). Subsequently, Palla & Stahler (1999) find stellar ages peak at ∼ 2 Myr, with an accelerated phase of star formation in the last ∼ 3 Myr, but with slower star formation also extending to ∼ 10 Myr ago. However, Jeffries et al. (2011) showed that the inferred large spread in age is incompatible with the disc fractions (fraction of stars with near infrared excess) as a function of stellar age for reasonable disc lifetimes.
Most recently, the OmegaCAM survey by Beccari et al. (2017 , see also Jerabkova et al. 2019 found three distinct populations of stars in the distribution of r −i colours, which cannot be attributed to variable extinction or projected distances. The authors claim the finding could either be due to three populations of different age or a previously undiscovered population of tight binaries which are skewed towards an unusually high mass ratio and make up ∼ 50% of the population. To test the former hypothesis, the authors use the ages derived by Da Rio et al. (2016) and find a clear distinction between the populations. They conclude that the most likely explanation is that three discrete periods of star formation occurred in the ONC with 1-σ age ranges 2.51-3.28, 1.55-2.29 and 1.08-1.53 Myr. Kroupa et al. (2018) also use isochrones by Bressan et al. (2012) to give a slightly younger age of 0.8 Myr for the youngest population (while the other two remain largely consistent). The number of stars decreases by a factor ∼ 2 in each generation chronologically. In agreement with Hillenbrand (1997) , Beccari et al. (2017) also found that the youngest stellar population occupies the centre of the ONC (see also Reggiani et al. 2011; Jerabkova et al. 2019) . Getman et al. (2014) also arrived at the same conclusion using X-ray and near infrared (NIR) photometry.
PPD properties
Jeffries et al. (2011) reviews a number of previous studies that aimed to quantify the fraction of surviving discs in the ONC. The early investigation by used the criterion that the I − K magnitude was > 0.3 m redder than expected from the spectral type, yielding a disc fraction in the range 55-90%. The observations covered ∼ 700 arcmin 2 (∼ 10 pc 2 ) with some central concentration. Lada et al. (2000) presented results from a much more centrally concentrated sample covering 36 arcmin 2 (0.5 pc 2 ). Using a reddening criteria in the J − H versus K − L magnitudes, they found a consistent disc fraction, 115 with and 35 without (∼ 77%).
Constraints on PPD dust masses and radii are possible from mm/sub-mm observations, since at these wavelengths the dust is optically thin. Mundy et al. (1995) presented 16 detections in the ONC at 3.5 mm, however the free-free emission at this wavelength frequently dominates the detected flux density. Since then, a number of studies have imaged discs in a range of wavelengths such that the dust emission can be distinguished from the free-free component, indicating disc masses in the region are largely 10 −2 M (Bally et al. 1998; Williams et al. 2005; Mann et al. 2014; Eisner et al. 2016) . Most recently, E18 used the Atacama Large Millimeter Array (ALMA) to observe the PPD population in the very central regions (a radius of ∼ 0.17 pc around θ 1 C) at 850 µm with the highest sensitivity (∼ 0.1 mJy, corresponding to a 4-σ detection limit of ∼ 1 M ⊕ of dust) and resolution (0 .1, ∼ 40 au) to date. Detection fractions are quoted in that study as a fraction of previously identified NIR targets and proplyds. Of the proplyds, 65% exhibit (detected) continuum flux in excess of the free-free component, while this falls to 45% when all members are included. The maximum dust masses are found to be ∼ 80 M ⊕ , while only a weak correlation is found between PPD mass and distance from θ 1 C, which is not surprising given that the crossing time in the core is 1 Myr (combined with, for example, projection effects). However, van Terwisga et al. (2019) have found that discs at much larger (∼ 1 pc) separations exhibit greater dust masses by a factor ∼ 5. In the E18 sample, PPD mass is a much shallower function of stellar mass than found in other regions such as Taurus (Andrews et al. 2013) , Chameleon (Pascucci et al. 2016) , Upper Sco (Barenfeld et al. 2016) , Lupus (Ansdell et al. 2016 ) and σ-Orionis (for a summary see Figure 7 in Ansdell et al. 2017) . This is ostensibly a surprising result, particularly as external photoevaporation is expected to preferentially deplete PPDs around low-mass stars (Haworth et al. 2018; Winter et al. 2019b) . Disc radius and host mass are found to be (weakly) positively correlated, which is interpreted to be due to the larger gravitational radius (Hollenbach et al. 1994) :
(the radius at which the ionised gas with sound speed c s ≈ 10 km/s is gravitationally unbound) for higher mass stars.
Star formation history hypotheses
Many studies have aimed to explain the formation history of the ONC. For example, Hartmann & Burkert (2007) showed that an elliptical rotating sheet with a moderate density gradient can collapse into a structure which resembles Orion A, and could form concentrations of stars that resemble the ONC (see also Kuznetsova et al. 2018) . Alves & Bouy (2012 , see also Bouy et al. 2014 highlight that star formation in the ONC could have been triggered by supernovae in neighbouring regions. Alternatively, Fukui et al. (2018) indicate that gas kinematics may support a past collision between molecular clouds. However, none of the above scenarios directly explain the recent observations by Beccari et al. (2017) suggesting discrete epochs of star formation within the ONC. Kroupa et al. (2018 , see also Wang et al. 2019 ) put forward a physical mechanism by which an independently evolving, intermediate mass primordial cluster could self-regulate star formation in such a way as to produce discrete formation events. The authors point to evidence of runaway stars in the ONC (Poveda et al. 2005) , and suggest that previously formed massive stars, which may have suppressed star formation by ionising the gas, have been similarly ejected. Once ejected, some fraction of the gas may have survived, or it may be replenished along the filaments of Orion A (as suggested by the gas kinematics - Hacar et al. 2017) . This is possible only for cluster masses ∼ 1000 M where a small number of OB stars are present, almost exclusively as energetic binaries occupying the centre (Sana et al. 2012) . Dynamical interactions can then rid the cluster of OB stars on Myr timescales (Pflamm-Altenburg & Kroupa 2006) , ultimately leading to multiple discrete ages in the stellar population.
Observational summary
Some key features of the star and PPD population in the ONC that a successful model should reproduce are as follows:
• The central density of the ONC is n 0 ≈ 2×10 4 stars pc −3 .
• Mass segregation suggests an epoch of cold collapse of the stellar population.
• Kinematics data indicates that the stellar population is approximately in virial equilibrium without any bias between radial and azimuthal velocity components.
• Youngest stars are preferentially found in the central regions (age gradient with radius).
• Disc survival fractions are high (∼ 80%) throughout the ONC.
• The relationship between disc mass and stellar mass is found to be much more shallow than in other star forming regions (considerably sub-linear).
• At the present day some proplyds exhibit mass loss rates due to FUV induced winds 10 −7 M yr −1 .
In the following sections we will address each of these points in turn to establish a model which explains both the stellar properties and the PPD population.
NUMERICAL METHOD
Our modelling approach is similar to that employed in Winter et al. (2019b) , where we presented an N-body model consistent with the observed morphology and kinematics for the stellar population in Cygnus OB2 and coupled it with disc evolution calculations. For the N-body integration we use Nbody6++, which has a built in prescription for a imposing a central potential on star particles. We emphasise that our models are simplified such that the physical parameters we describe have clear definitions and we are able to draw direct comparisons between simulations. They are not intended to capture the full complexity of the region, but rather to understand how the star formation history can influence the PPD population.
Stellar dynamical model
A key feature of our model is that we include three distinct stellar populations of different ages, as suggested by the findings of Beccari et al. (2017) . This is partly to make predictions on the PPD properties such that this conclusion can be tested, but also to simplify our models. We are primarily interested in the differential dynamical evolution of the older and younger stellar populations as gas is depleted, rather than whether or not star formation was continuous. We therefore impose a background gravitational potential on the star particles in the N-body simulations that represents the contribution from the reservoir of star forming material. To simplify the model, we will assume that the density of gas from which these stars form is spherically symmetric and the radial profile does not change over time except to be scaled by a factor due to mass loss. For numerical convenience, we assume the gas is distributed in a Plummer sphere, such that the gas density at time t is:
where r is the radius within the cluster, M g is the total gas mass with ρ g,0 the central gas density, and a = 0.4 pc is the scale radius (to give core radius r core ≈ 0.25 pc -physically this choice is of little importance since the stars in our model undergo an initial epoch of violent relaxation). We define M g (t) to be a step-function, such that at discrete times a quantity of gas is transformed into stars. For three distinct stellar populations with masses M
(1) * , M
(2) * and M (3) * , born at times 0, T (2) * , and T (3) * respectively we have:
where 0 < eff ≤ 1 is the effective star formation efficiency (SFE). The value of eff is the fraction of gas present in our initial conditions that will be converted into stars. We assume that eff is constant in both space and time for a given model, and adopt values of eff = 0.1, 0.3 and 0.7 to test the influence of SFE on our results. The lowest value eff = 0.1 yields a large initial gas mass that would be comparable to the mass of the entire Orion A filament (Lombardi et al. 2014) , which is physically implausible. We nonetheless consider this case to illustrate the influence of low SFE on the star and PPD populations. The gas mass evolution in equation 3 is simplified; for example, the available star forming material has likely been replenished by inflowing gas (Hacar et al. 2017) . Our model is appropriate if the rate of change of gas mass (including inflows, outflows and loss to stellar mass) is rapid during the discrete epochs of star formation and slow otherwise. While this may not be the case, in the absence of constraints on historic gas flows (or a fully hydrodynamical model), any alternative prescription would be arbitrary. For the ages of the populations, we assume the oldest formed 2.8 Myr ago, with T (2) * = 1 Myr and T (3) * = 2 Myr, consistent with the ages derived by Kroupa et al. (2018) . This few Myr timescale for gas removal is also broadly consistent with the numerical findings of Ali & Harries (2019) for a star of mass 34 M in a molecular cloud with 10 3 M M g 10 4 M . The spatial distribution of the stars, which are added to the simulation at intervals, follows the gas Plummer profile. We define the total stellar masses for each population:
which is approximately consistent with the observed relative masses of the populations (Beccari et al. 2017) . Each population k is added at time T (k) * (with T (k) * = 0), at which point the appropriate quantity of mass is removed from the gas potential according to equation 2.
We draw stellar masses m * from a Kroupa (2001) IMF:
and assign them to positions at random. We do not consider primordially mass segregated initial conditions, except to place a star of mass 35 M (analogous to θ 1 C) at the closest position to the centre. Equation 4 is truncated above 10 M when drawing the remainder of the stellar masses. The reason for choosing such an IMF is that we aim to reproduce the unusual distribution of observed stellar masses that may have resulted from ejection of the most massive cluster members by dynamical interactions (Pflamm-Altenburg & Kroupa 2006; Kroupa et al. 2018) . For modelling simplicity, and because we wish to prescribe the ages of our population to match observations, we do not directly simulate the ejection of massive stars by binary interaction and do not include binaries in our initial conditions. Instead, we consider a single massive star that occupies the cluster for its entire evolution. If the timescale of each of the discrete epochs of star formation is short ( T age , the overall age of the ONC), then this is approximately equivalent to a model in which massive stars are removed periodically and rapidly replaced during a new phase of star formation. Fixing the mass of the most massive star also has the benefit that we can draw direct comparisons of the PPD properties between models. All stars are initially assigned a speed v from a MaxwellBoltzmann distribution:
rescaled to give a 1D velocity dispersion σ v = 2 km/s, close to the present day observed dispersion. We make this choice such that the stellar population is approximately in virial equilibrium with itself, however our models undergo cold collapse since they are subvirial with respect to the gas potential. The dynamical evolution is therefore only weakly sensitive to the initial velocity distribution and any initial substructure (Parker et al. 2014) . The direction of the velocity vector is drawn from an isotropic distribution.
Interstellar flux
To calculate the FUV and EUV flux experienced by the stars over their lifetimes we follow the method of Winter et al. (2019b) . The total luminosity and effective temperatures of all stars with mass > 1 M are taken from Schaller et al. (1992) for metallicity Z = 0.02 and the output closest to the time 1 Myr. Atmosphere models by Castelli & Kurucz (2004) give the wavelength-dependent luminosity, which we then integrate over FUV (6 eV < hν < 13.6 eV) and EUV (hν > 13.6 eV) photon energy ranges. The distances between stars is then tracked throughout the N-body simulations to give the flux experienced by each PPD. We additionally estimate the influence of interstellar extinction on the FUV flux. In order to do this, we integrate the gas density (equation 2) along the line of sight between two stars to give the surface density of gas between them:
where r i and r j are the position vectors of stars i and j respectively and the vector r = 0 at the centre of the Plummer potential. The path C is the straight line between them:
This is converted to an extinction estimating the ratio of FUV to visual extinction A FUV /A V = 2.7 (Cardelli et al. 1989) , and the column density of hydrogen required for 1 mag extinction N H /A V = 1.8 × 10 21 cm −2 mag −1 (Predehl & Schmitt 1995) . By assuming a smooth Plummer gas density distribution we address the limit in which turbulent density fluctuations are on much smaller scales than the scale length of the cluster (a = 0.4 pc). The opposite limit, for which the gas distribution is 'clumpy' on large scales, corresponds to inefficient extinction of FUV photons. We will therefore bracket the limits in flux experienced by the PPD population by considering disc evolution with and without interstellar extinction. In the case of EUV photons, we must also consider the radius around the most massive star in which gas is ionised. This is the Strömgren (1939) radius, which for a constant central local gas density ρ g,0 can be written:
where m p is the proton mass, Φ i is the EUV photon count from the central star, and α B ≈ 2.7 × 10 −13 cm 3 s −1 is the recombination coefficient assuming a temperature ∼ 10 4 K for the ionised gas. Even for the most modest non-zero central gas density in our model (ρ g,0 ≈ 2.1 × 10 −19 g cm −3 , for 1 Myr < t < 2 Myr and eff = 0.7) this yields R S ≈ 0.03 pc, where Φ i ∼ 10 49 photons s −1 . Since R S is small compared to the scale radius a, we consider (extincted) FUV photons only and disregard the influence of EUV photons on PPD evolution until the gas is completely removed (see Section 3.3). These assumptions do not contradict the present day ∼pc scale separation between the HII region and θ 1 C (which lies in front along the line of sight - Wen & O'dell 1995) . In our model, the gas density within the ONC decreases as star formation events proceed, which would accelerate the D-type expansion of the ionisation front (e.g. Spitzer 1978 ). Our assumption is that the EUV induced mass loss in PPDs only became efficient since the most recent star formation episode (although for the majority of discs, FUV photons still dictate mass loss rates in the externally driven wind).
Viscous disc model

Numerical method
To calculate the surface density evolution of externally irradiated PPDs, we follow the method of Clarke (2007, see also Anderson et al. 2013; Rosotti et al. 2017; Winter et al. 2019b) . A one dimensional viscous evolution model is calculated across a radial grid spread evenly r 1/2 , for r the radius within the disc. Viscosity is assumed to scale linearly with r, corresponding to a temperature which scales with r −1/2 and a constant α-viscosity parameter (Shakura & Sunyaev 1973, see also Hartmann et al. 1998) . In isolation, this gives a surface density which evolves as:
where R 1 is the scale radius, M disc,0 is the initial disc mass, and T and R are scaled time t and radius r coordinates:
for a viscous timescale τ visc. at R 1 . Mass is removed from the outer edge of the disc by the UV driven at a rate of
which ensures a sharp drop in surface density outside of some radius R disc . The FUV induced mass loss rates M FUV are interpolated from the Fried grid, which are computed over a range of stellar host mass, disc outer radius, disc mass and FUV flux (Haworth et al. 2018) . The EUV mass loss rate M EUV is calculated using the analytic estimate of Johnstone et al. (1998) :
where d is the separation and Φ i is the ionising photon count from the radiating source, and f is the fraction of ionising photons that penetrate the interstellar medium (we assume f = 1 if gas has been expelled, f = 0 otherwise -see Section 3.2).
Initial conditions
Since we are partly interested in understanding the evolution of the host mass-disc mass (radius) relationship, we consider constant M disc,0 = 0.1 M (R disc,0 = 50 au), independent of stellar mass. While such initial conditions may not represent the physical relationship between stellar mass and disc mass (e.g. Andrews et al. 2013; Pascucci et al. 2016) , this choice allows us to clearly illustrate how the relationship steepens over time, since any correlation is due to depletion over the time-scale of the simulation. The influence of this assumption on our host mass dependent results are explored in Appendix A, where we consider disc masses M disc,0 = 0.1 m * .
We also aim to put an upper limit on the allowed value of α, which along with R 1 sets the initial accretion rate
where Ω 1 and H 1 are the angular velocity and scale height of the disc at R 1 respectively. We assume H 1 /R 1 = 0.05, and Keplerian rotation. We initially truncate the surface density at R disc,0 , such that the outer radius is well-defined (which is required to calculate the appropriate M wind ). We choose R 1 = R disc,0 /2.5 = 20 au, such that integrating the initial surface density (equation 9 with T = 1) over radius gives 0.92 M disc,0 . We will investigate the dependence of our results on the assumed disc viscosity by varying α.
RESULTS AND DISCUSSION
The solution to the proplyd lifetime problem that we propose here is composite, such that it is not possible to point to a single physical consideration that reproduces the observed PPD sample in the ONC. In this section we sequentially review different observational constraints, linking them to our model and exploring the influence of parameter choices where necessary. Section 4.1 is devoted to obtaining an appropriate dynamical model. In Section 4.2 we explore the properties of the photoevaporating PPD population over time within the dynamical model we derive in Section 4.1. In this way we address each of the constraints summarised in Section 2.6. For a reader interested only in the key considerations of our model, we summarise our proposed solution in Section 5.
Stellar dynamics
Density distribution
We initially consider how varying eff influences the stellar density and kinematics of our model. In general we expect low SFE to result in initially enhanced stellar density near the centre of the cluster due to the cold collapse of the stellar population (which, since we have imposed initial conditions that are virial with respect to the stellar component alone, is initially subvirial with respect to the stellar and gas mass). After gas expulsion, models with a lower eff expand more rapidly as the dynamical interactions accelerate stars in the core. This principle is demonstrated in Figure 1 , where the central stellar number density n 0 is shown as a function of time. We find that low eff initially increases n 0 , which subsequently decreases after 2 Myr, when all the gas is removed. Since the central density does not change rapidly over time by the end of the simulation, uncertainties in the age of the ONC do not translate into uncertainties in eff . Thus, the present day n 0 represents a good test of a successful model, and a SFE of eff = 0.3 reproduces the observed n 0 ≈ 2 × 10 4 stars pc −3 (Hillenbrand 1997) . This is broadly consistent with the observed SFE for embedded clusters on a ∼ 1 pc scale (Lada & Lada 2003) , and matches estimates for the core of the ONC (Megeath et al. 2016) . We consider how the assumed SFE influences other observational constraints below.
Kinematics
No strong biases between radial and azimuthal velocities are apparent in the stellar kinemtics of the ONC, nor evidence of expansion in the radial components (Kim et al. 2019) . We show the split between kinetic energy T in each direction (denoted T +/− ) in Figure 2 . No model exhibits bias between clockwise and counter clockwise directions, as expected since we did not include any rotation in our initial conditions. All models also undergo a short, rapid phase of collapse early on, which is again expected since the initial conditions are subvirial with respect to the gas potential. For eff = 0.1 this collapse precedes a sustained phase of evolution where the stellar components are on radial orbits (the radial kinetic energies exceed azimuthal components). At each period of star formation (and gas expulsion) there is also a phase of rapid expansion, and the most recent episode continues until the end of the simulation. For eff = 0.3, their is little bias towards radial kinetic energy, and the most recent phase of expansion ends before 2.8 Myr. This would be consistent with the observational constraints.
Age segregation
We aim to reproduce the finding that young stars are preferentially found towards the centre of the ONC. In Figure 3 we show the half-mass radii of the different stellar populations in our models over time. The true half-mass radius of the ONC is dependent on its assumed definition (i.e. truncation radius) and membership. In addition our (Plummer) density profile is chosen for numerical reasons, and does not necessarily reflect the physical profile. We therefore do not aim to reproduce the absolute half-mass radius, but achieve a differential radial extent between the populations. We find that if SFE is too high, the older stars are not significantly accelerated by dynamical encounters in the core and therefore there is little segregation between populations by the present time (as is the case for eff = 0.7). For sufficiently low eff 0.3, the older stars (i.e. Pop. 1) are more extended than the younger stars (i.e. Pop. 3). However, if the SFE is too low, the older stars form an extended 'halo' that rapidly expands outwards, as can be seen for the eff = 0.1 case. Since this is not supported by observations of the ONC, this suggests eff ≈ 0.3 is appropriate, as in the previous sections.
PPD evolution
'Survival' fractions
The majority of stars (55-90% across the entire region, and ∼ 77% within ∼ 0.2 pc of the centre - Lada et al. 2000) in the ONC exhibit an NIR excess associated with the presence of circumstellar material, with no clear evidence of spatial dependence (see also Jeffries et al. 2011 ). In Figure 4 we consider the dependence of the evolution of the disc survival fraction (i.e. discs with masses M disc > 5 × 10 −5 M ) on the SFE. We find that the surviving disc fraction decreases with increasing SFE, as expected since the influence of interstellar extinction is reduced at lower gas densities. The results for eff = 0.3, which best matched the stellar kinematics also reproduce the disc fractions in the central regions (∼ 70%).
This finding demonstrates one component of our proposed solution to the proplyd lifetime problem. This is the principle that a combination of interstellar extinction and an extended period of star formation, where stars are initially subvirial with respect to the gas, can result in enhanced disc fractions at the present day consistent with those observed in the ONC.
We also consider the fraction of surviving discs in the core of the ONC (which experience the greatest UV flux) with respect to the broader population. The survival fractions within a projected distance d < 0.4 pc of the centre are consistently ∼ 10-20% lower than over the entire ONC across all values of eff in our simulation. A number of factors that we do not account for here may influence the differential between the core and outer disc fractions. Perhaps the most probable is the uncertainty or intrinsic variation in the ages of the respective stellar populations. It is also possible that the initial disc properties are variable over time; for example, younger discs may be initially less extended such that photoevaporative mass loss rates are initially lower. Additionally, the core gas densities we have assumed throughout the embedded phase are ∼ 10 −19 -10 −17 g cm −3 , such that ram pressure can truncate a disc down to < 50 au within 1 Myr (although this conclusion depends on geometry and the relative velocity of the ISM -see Wijnen et al. 2017a) . Stellar densities in the core of ∼ 4 × 10 4 pc −3 persist for the first 2 Myr in our model (Figure 1 ), such that encounter driven disc truncation is possible. However, mean tidal truncation radii are still > 50 au on this timescale (Winter et al. 2018b ) and ram pressure stripping (or accretion) is dominant over dynamical encounters (Wijnen et al. 2017b ). We do not explore these many possibilities here because of the large parameter space and uncertainties make computing the disc properties for each possible scenario impracticable and unhelpful. The intention of our model is rather to demonstrate a feasible mechanism by which discs near the core of the ONC can survive to the present day.
However, the assumptions in our disc evolution model (in particular α and the extinction properties), also alter the surviving disc fraction. We test the influence of varying these parameters in Figure 5 . In general, higher α and the absence of extinction speed up disc dispersal, as expected. For α < 10 −3 the disc fraction begins to saturate close to 100%, leading to a much smaller differential disc fraction between the inner and outer regions. Decreasing the efficiency of extinction has a similar influence on the differential disc fraction, in this case hastening disc dispersal in older (more spatially extended) populations while having no influence on the youngest stars that are born after the gas has been removed. Since the disc fraction throughout the ONC is observed to be high, the low viscosity models including extinction are favoured. Hereafter, we will label the model including extinction and with α = 10 −3 (for eff = 0.3) our 'fiducial model'.
Although disregarding interstellar extinction does decrease the survival fraction across the entire ONC, we highlight that a significant number of PPDs still survive in this case (c.f. Scally & Clarke 2001 , where the authors find that no discs survive for reasonable initial masses after a few Myr). This illustrates another key element of the solution to the proplyd lifetime problem: the evolution of the disc outer radius. Previous studies have assumed that the disc radii remain constant over time, whereas here we have factored in the depletion of the disc from the outer edge. External photoevaporation becomes less efficient at smaller radii, where material is more strongly gravitationally bound to the host star. Depending on the accretion rate, a disc can therefore survive in regions that are subject to strong UV fields for a longer period than predicted by models that do not take into account outer radius depletion.
A number of other considerations could influence the overall disc fraction in the ONC. For discs in the outer regions (experiencing more modest FUV irradiation by θ 1 C than those in the core), depletion may be hastened by internal photoevaporation (e.g. Alexander et al. 2006a,b; Wang & Goodman 2017) . Binary companions may also influence dispersal rates (e.g. Alexander 2012; Harris et al. 2012; Kraus et al. 2012; Rosotti & Clarke 2018) . Factoring in such considerations is beyond the scope of this work, but could result in a modest change in the appropriate value for α required to match the disc fraction in the ONC.
Mass distribution
When we consider disc properties we will draw comparisons to the findings of the recent E18 investigation of dust masses in the core of the ONC, which are depleted compared to those in the surrounding OMC2 (van Terwisga et al. 2019 ). There are many sources of systematic uncertainty inherent in such observations, that are discussed in that study. These include, but are not limited to, assumed dust-to-gas ratio Σ dust /Σ gas , opacity κ ν and temperature T dust . One other important consideration that we highlight here is the heterogeneous sensitivity across the central region due to the variable background emission, particularly from the BN/KL and OMC1 regions. This leads to variable upper flux limits on non-detections within the sample. This effect was not taken into account in the analysis of E18 and therefore we repeat the construction of the cumulative dust mass distribution, which we show in Figure 6 . We collect the measured fluxes and 4-σ upper limits (non-detections) of E18, and compute upper and lower limits of the distribution by assuming maximal and minimal fluxes for the non-detections. For consistency, we follow E18 in calculating the dust mass using the equation:
where D = 414 pc is the distance to the ONC, B ν is the Planck function and T dust = 20 K. The opacity is taken to be:
where κ 0 = 2.0 cm 2 g −1 at a wavelength of 1.3 mm, and β = 1.0 (Hildebrand 1983; Beckwith et al. 1990 ). In Figure 6 we show the upper and lower limits in the dust mass distribution accounting both for the quoted uncertainties and the spatially varying sensitivity (shaded region).
The mass distribution we obtain from our models is dependent on the choice of α and the degree of extinction. In the majority of our simulations we find that more massive discs (with dust masses 50 M ⊕ ) than are inferred from the observations are present at the present day. We highlight that, since many of the discs in the ONC are compact (see Section 4.2.4), higher mass PPDs could become optically . Cumulative distribution of PPD dust masses (assuming dust-to-gas ratio 10 −2 ) after 2.8 Myr of evolution for discs within 0.15 pc in projected distance from θ 1 C. We show results for the fiducial model ( eff = 0.3, α = 10 −3 and including efficient extinction), and comparisons with models with higher α = 2×10 −3 , lower α = 5 × 10 −4 and where extinction effects are ignored. The green shaded region corresponds to the range compatible with the constraints in E18 for the core of the ONC (to be compared with the dashed lines), assuming the dust properties discussed in the text.
thick such that the mass estimates are lower limits. The difference could also be due to our adopted disc mass distribution. This would not be surprising since we fix all discs at a mass of M disc,0 = 0.1 M . Physically we might expect some distribution of initial disc masses and the mean value may be lower, especially considering the majority of stars in the IMF have a mass m * < 1 M such that M disc,0 approaches the gravitational stability limit. However, this choice does allow us to effectively rule out models with α 10 −3 , since α = 2 × 10 −3 results in a lower disc fraction ( Figure 5 ) and fewer discs with mass 1 M ⊕ (Figure 6 ) than is consistent with observations.
Mass vs. stellar mass
Since the sensitivity limit for the dust masses in the E18 sample is largely set by the background emission (except in < 10% of cases where free-free, which may originate in the disc or background large scale flows, dominates at 850 µm), there is no reason why the stellar mass of the host should correlate with the sensitivity (although, since stellar masses are not quoted for the non-detections in E18, it is not easy to assess the effect of possible correlations between stellar mass and level of background emission). The flat host mass-disc mass relationship found in that study (M disc ∝ m β * where β = 0.25 ± 0.15) is therefore likely to be physical in origin. In this section we compare this with the PPD mass dependence on host mass we obtain from our model.
In Figure 7 we show the distribution of the total disc mass M disc as a function of stellar mass m * . Similarly to E18 we find that, when all discs are considered, the disc mass is only weakly correlated to the host star (β = 0.10, 0.20 for α = 5 × 10 −4 , 10 −3 respectively). However, this is due to the fact that each population introduces contamination into the sample such that the correlations is 'washed out' by the stellar age differential. In fact, when we decompose the populations and fit power laws individually, we do find a stronger correlation (even for Pop. 3 stars). In general this relationship steepens over time, with Pop. 3 stars exhibiting a much stronger correlation than Pop. 2 stars in both the α = 5 × 10 −4 and α = 10 −3 cases. However, in the latter case (Figure 7b ) the Pop. 1 stars again demonstrate a weaker correlation. This is because a higher fraction of discs around low mass stars have been dispersed in this case, and are therefore not included in the power law fit. This problem would be compounded by a poor sensitivity limit in observations.
Our findings indicate a clear empirical test in terms the stellar population definitions in Beccari et al. (2017) by correlating stellar age with PPD properties. Additionally, the shallow relationship found by E18 is at odds with that found in other regions (e.g. Andrews et al. 2013; Pascucci et al. 2016) . The mechanism we present here represents a way to reconcile these findings in the context of other PPD populations.
We must also investigate the possibility that our findings of a weak correlation between M disc and m * is a result of our initial conditions since we have assumed they are initially independent. This assumption is explored in Appendix A where we assume M disc,0 = 0.1m * . In this case we find a similar weak correlation across all populations (β = 0.28), but steeper power law relationships within a single population. This confirms that the multiple stellar populations or extended period of star formation can explain the apparent lack of correlation between M disc and m * for a range of initial conditions.
Radii vs. stellar mass
Disc radii, while challenging to measure, are in some respects a superior probe of the influence of photoevaporation than stellar mass. For mass loss rates 10 −7 M yr −1 , PPDs can be rapidly depleted down to ∼ R g (or the radius at which viscous spreading balances mass loss in the wind). However, this does not circumvent the problem posed by multiple stellar populations, which complicates attempts to fit a power law relationship with stellar mass. This is shown in Figure 8 , where the relationship we fit to the whole population is flat, consistent with that found by E18. We also show disc radii as a function of stellar mass, decomposed into the individual stellar populations. In this case, R disc (m * ) does not significantly steepen with time, and we would therefore expect similar power law relations between stellar populations. We do however find an offset on the relationships, with older stars having less extended PPDs. As before, we also find that for the Pop. 1 stars, an attempt to fit a power law to the surviving discs again produces a flatter relationship. This is because discs around low mass stars only survive if they experience lower FUV field strengths, and thus have larger extents. 
Mass loss rates and ionisation fronts
Another important physical constraint is the mass loss rates, both due to the UV photons M wind and accretion M acc . We show these values as a function of stellar mass at the end of our simulation in Figure 9a for the sample in the E18 field of view. The most immediately obvious finding is that the distributions of both M wind and M acc are nearly independent of stellar mass. We interpret this to be due to the initial rapid dispersal of discs around low mass stars down to smaller radii than high mass stars (as discussed in Section 4.2.4). All discs then reach a similar total mass loss rate M disc , but for lower mass stars this is equivalent to a shorter instantaneous dispersal timescale M disc / M disc . Fluctuations in the UV flux experienced by these stars mean that mass loss rates can sometimes be much larger. In one scenario, a disc that has never previously experienced strong UV fields may migrate inwards and suddenly experience rapid mass loss. Alternatively, a disc that has been previously exposed to strong fields viscously expands in regions of low flux as it migrates outwards, only to be rapidly depleted again when it migrates back to the central regions. The latter mechanism is more efficient for low mass stars for which the gravitational radius R g is smaller, and the viscous timescale at R g is therefore shorter. This means that the disc can re-expand rapidly when it migrates outwards, exposing itself to higher mass loss rates upon its return to the centre.
For low mass stars (m * 0.7 M ) we also find a dearth of discs for with significant M wind > 10 −10 M yr −1 in the Pop. 1 sample. This can also be interpreted in terms of the radius evolution of the PPDs. As discussed in Section 4.2.4 (and evident from Figure 8) , the only Pop. 1 PPDs which survive with extents R g around low mass stars and apparent separations 0.15 pc from θ 1 C are those which lie at greater physical (3D) separations. The exceptions to this principle are individual stars that have recently migrated into the core, for which we find one ex-ample in the Pop. 1 stars of our simulation (m * ≈ 0.3 M , M wind ≈ 4 × 10 −7 M yr −1 in Figure 9a ). All other Pop. 1 PPDs either experience much lower UV flux, or have previously been depleted down to radii at which photoevaporation is not significant.
Although mass loss rates are not measured uniformly across the proplyds in the core of the ONC, and therefore a full statistical comparison is not possible, we can make some quantitative comparisons between our results and the available samples. We compare our values for M wind with the findings of Henney & O'Dell (1999) , who obtained spectroscopic measurements of four proplyds (preferentially chosen for their brightness) to obtain a flow velocity and density. This analysis yielded mass loss rates in the range 7 × 10 −7 -1.5 × 10 −6 M yr −1 , with a factor 2 uncertainty. Assuming the same flow velocity for the larger sample of 27 proplyds catalogued by Henney & Arthur (1998) , the inferred mass loss rates are M wind ∼ 10 −8 -10 −6 M yr −1 , with a mean of ∼ 3×10 −7 M yr −1 . We obtain a lower M wind ∼ 5×10 −8 M yr −1 for the majority of the Pop. 3 PPDs. However, this is consistent given the factor 2 uncertainty and that the observed samples were preferentially chosen to be bright and extended (those proplyds with the greatest mass loss rates). Such mass loss rates may not be typical of the wider sample; indeed, the ionised flow from the proplyd LV 2 was later measured by Henney et al. (2002) , which has a loss rate M wind ≈ 10 −8 M yr −1 . In terms of the number of PPDs that are rapidly losing mass, we emphasise that we do not obtain mass loss rates over the full IMF since we are limited in the stellar mass range of the Fried grid. We may therefore underestimate the number of PPDs which would exhibit mass loss rates > 10 −7 M yr −1 .
Another important metric for comparison with the proplyd sample is the ionisation front (IF) radius R IF . This radius can be calculated from M wind and the EUV flux independently of whether the wind is driven by EUV or FUV photons (see discussion in Clarke & Owen 2015) :
where d is the distance to the ionising source (equation 15 is appropriate at the end of our simulation, where we neglect the influence of interstellar extinction). The results of this calculation are shown in Figure 10a , where we also show the IF radii calculated by Henney & Arthur (1998) , who infer physical quantities using detailed models and the HST data collected by O'Dell (1998). We do not, however, compare with the Vicente & Alves (2005) sample, since the authors did not extract physical quantities from a model. Hence direct comparison would require synthetic images for each of the discs in our model. For the proplyds which are common to both samples, the values for R IF are not consistent and it is therefore not possible to extrapolate between them. We find that, while there are a number of marginally more extended proplyds at small separations from θ 1 C in the Henney & Arthur (1998) sample, we also find examples of large R IF for small d in our model. Drawing comparisons between the mean R IF is not useful, since the observed sample is incomplete for R IF 50 au and may also be limited by the surface brightness of the proplyds at large d. where α eff Hα = 1.17 × 10 −13 cm −3 s −1 and α B = 2.59 × 10 −13 cm −3 s −1 at temperature T = 10 4 K are hydrogen recombination coefficients (Osterbrock 1989; Draine 2011) . The result of this calculation for our sample is shown in Figure 10b for proplyds as a function of separation to θ 1 C compared with the O'Dell (1998) sample. We again find comparable numbers of bright proplyds at small d, however the model predicts a larger number than found in observations at large d. In this case, some bright proplyds are also not extended such that the observational sample is resolution limited. Our results highlight that the available catalogues may be incomplete. Taken together, the findings we have presented in this section illustrate another aspect of the proplyd lifetime problem: that the inferred mass loss rates for proplyds quoted in the literature are preferentially high. In reality, the most extreme values of M wind ∼ 10 −7 -10 −6 M yr −1 are probably only sustained for very short periods where the disc remains extended in a high UV flux environment. The majority of proplyds in our models only have a factor 2-3 lower M wind than the extreme cases, and this lower loss rate persists for the vast majority of the disc lifetime. The difference is therefore important in understanding the dispersal timescale for the young discs which occupy the central regions of the ONC.
A SOLUTION TO THE PROPLYD LIFETIME PROBLEM
Summary of the solution
In the previous section, we have presented many aspects of the properties of the ONC which contribute to understanding the properties of the PPDs and proplyds which have been inferred. Our findings indicate that 'the solution' to the proplyd lifetime problem cannot be attributed to a single consideration or missing physics, but a combination of many different contributing (and related) factors. These can be summarised as follows:
(i) A population of stars younger than the mean age of the ONC. These younger stars have a larger reservoir of circumstellar mass remaining, and therefore contribute to the PPD survival fraction.
(ii) Radial orbits during periods of star formation. If the stars form in a subvirial state with respect to the gas potential, then stars will fall towards the centre early during their evolution and are accelerated by dynamical encounters. As the gas is depleted by further star formation and outflows, older stars migrate outwards and younger stars inwards. For sufficiently low SFE this can lead to preferentially young stars (with the greatest disc mass reservoir) occupying the core, where external photoevaporation acts most strongly on PPDs. Figure 9a we show the mass loss rates for the sample shown in the previous disc samples in the Eisner et al. (2018) field of view. In Figure 9b we show mass loss rates as a function of projected distance from the most massive star in our simulation. Figure 10 . In Figure 10a we show the radius of the IF against distance to θ 1 C (analogue). The simulation results are represented by scatter points in the same way as previous figures, with R IF calculated using equation 15. Henney & Arthur (1998) discuss that the sample is not complete for compact proplyds with R IF 50 au. In Figure 10b we instead show the mean surface brightness S(Hα) , with the O'Dell (1998) sample shown as black crosses. The lowest surface brightness in that sample is represented by a horizontal dashed line. The solid black line follows the theoretical surface brightness assuming the projected separation from θ 1 C is the physical separation.
(iii) Interstellar extinction. Extinction due to the persistence of primordial gas in the region has a moderate influence on the PPD survival fraction. It has the strongest influence on the oldest stars, which are protected during the early stages of the formation of the ONC by high gas densities. More detailed modelling, such as the stellar feedback calculations performed by Ali & Harries (2019) , are required in the context of extended or discrete epochs of star formation.
(iv) Disc outer radius depletion. A model of photoevaporating discs must take into account that the outer radius of the disc, from which the wind is launched, is not constant over time. Since external photoevaporation is more efficient at larger radii, where the gravitational potential is weaker, fixing the outer radius of the disc will lead to underestimating the disc destruction timescale.
(v) Observational biases. In particular, all studies of proplyds have preferentially targeted bright and extended examples, which also exhibit the highest mass loss rates ( 10 −7 M yr −1 ). While we find comparable numbers of IFs that are bright and extended, the vast majority of PPDs have much lower mass loss rates (a few 10 −8 M yr −1 ) which is likely typical of the wind driven mass loss rate averaged over a disc lifetime. The brightest proplyds are probably around stars with extended discs that have recently migrated into regions of strong EUV fields, and the mass loss rates inferred for them cannot be extrapolated to the rest of the population. This is similar to the radial orbit hypothesis put forward by Störzer & Hollenbach (1999) . In our models, however, only a small number of stars (whose discs exhibit the highest mass loss rates) must be on radial orbits; the majority of stars in the core survive because they are preferentially young (point ii -c.f. Scally & Clarke 2001).
Caveats
The modelling procedure we have presented makes a number of simplifications and is subject to caveats that we discuss in this section. Our intention in this work is to illustrate the mechanism by which PPDs in the ONC can survive; here we indicate how future work may consider these arguments in greater detail (for example with hydrodynamic and radiative transfer modelling -e.g. Ali & Harries 2019).
Kinematic model
Our kinematic model is a simplified 'toy model' for the dynamical evolution of the ONC, meant to capture the aspects that are important for our consideration of the PPD population. We have assumed a Plummer sphere gas potential that changes instantaneously during an 'epoch' of star formation, and neglected any substructure in both the gas and the stellar population. Physically, we would expect star formation to continue over a finite period of time, and the quantity of gas in the region may have been constantly changing due to inflows and outflows. Our assumptions, including that star formation happens at discrete intervals, are simplifying but not necessary for the success of our model. The motivation here is finding a solution for which the youngest stars occupy the centre at the present time, which would be satisfied by any model that allowed stars to form significantly subvirially to the gas over an extended period. Since such a model would necessarily undergo cold collapse at early times, unravelling initial conditions from present day stellar kinematics becomes impossible (Parker et al. 2014) . Therefore any deviation from our simple model is empirically unconstrained.
One additional factor which we have not considered in our model is the influence of binaries. Since the stellar density in the core is n 0 2 × 10 4 pc −3 throughout the dynamical evolution of our model, a large number of multiple star encounters would be expected if a significant number of stars formed in binaries. Such scatterings could lead to a number of stars undergoing strongly radial orbits, which may add to the frequency of bright and extended proplyds at the present day (see Section 5.2.2). The reason for not considering binaries is to minimize the stochasticity of our models so that comparisons could be drawn between parameter choices. We would not, for example, want our θ 1 C analogue to be scattered out of the core of the region for a significant length of time (Pflamm-Altenburg & Kroupa 2006) , since comparisons of the PPD populations between models would be problematic. We leave understanding the influence of binaries on the proplyd population for future work.
PPD population
As in the case of the kinematic model, the viscous disc evolution model is necessarily simplified. Having demonstrated that the discs which experience high mass loss rates are the minority (stars with extended discs which migrate towards the core), we consider what factors might alter the number of extended and bright proplyds at small separations from θ 1 C. Some such considerations are as follows:
• The greatest limitation of our model is that we are unable to calculate FUV induced mass loss rates across the entire IMF. The Fried grid does not include mass loss rates for host masses < 0.3 M , and this would increase the number of discs in our sample by a factor ∼ 2.
• Initial disc masses and radii are fixed in our models. If some subset of discs are initially more massive or extended, then they could exhibit greater mass loss rates at the present day and may contribute to the number of bright and extended proplyds.
• A clumpy gas distribution might result in greater protection for some PPDs. This is especially the case for young stars for which we have not considered the influence of extinction, but in reality must have formed in some overdensity of gas. In general, a clumpy gas distribution is less efficient at protecting a disc population as a whole, but may lead to individual PPDs which evolve without being strongly irradiated for an extended period.
• Our model does not include binaries, which may have a significant role in the dynamical evolution of the ONC (Section 5.2.1). If stars are excited into radial orbits by scattering, then this would increase the number of stars which occupy the central regions of the ONC briefly, and therefore the number of bright proplyds with high mass loss rates at a given time.
While our simplified model does not factor in these considerations, we still obtain multiple examples of rapid mass loss rates ( 10 −7 M yr −1 ) and the corresponding bright and extended proplyds. Current observed samples are incomplete for R IF 50 au and are subject to variable background noise due to the ionised gas anterior to the ONC (Bally et al. 2000) . Future samples of proplyds may be more complete such that the mass loss rate distribution can be better constrained.
In addition to the proplyd properties, a number of physical and observational considerations may influence the measured properties of the broader PPD population. Some of these considerations (e.g. uncertainties in stellar ages and early ram pressure stripping) are discussed in Section 4.2.1 in the context of disc survival. Further, the standard assumptions that apply to observed disc properties also apply to our model. When comparing to empirically derived disc masses, uncertainties in the opacity and temperature of the dust will alter the inferred distribution. Finally, the outer radius of the dust component of the disc does not necessarily trace the outer radius in the gas (Rosotti et al. 2019) . This is particularly the case if the radial drift timescale is shorter than timescale on which the disc is depleted by external photoevaporation. Future modelling of the dust properties in photoevaporating discs is required to understand the relationship between the dust and gas properties (see Sellek et al. 2019 ).
CONCLUSIONS
We have presented a simple dynamical model that reproduces the observed kinematics and distribution of stellar ages in the ONC, while also explaining the survival of the strongly irradiated PPD population in the central regions (the 'proplyd lifetime problem'). The influence of a gas potential on the stellar populations that are born at different times yields a gradient of stellar ages (which are observed to be younger in the core). This has a two-fold influence on the external photoevaporation of discs. Firstly, the interstellar UV extinction can shield older PPD populations in their early evolution until the gas is expelled and they migrate away from θ 1 C. Secondly, the stars which are presently strongly irradiated are also the youngest, and therefore have the greatest mass reservoir remaining. This represents a natural mechanism by which discs in the ONC can survive until the present day, without needing to invoke the extreme youth of θ 1 C or initially extreme disc masses. In addition, we highlight that the mass loss rates quoted for observed proplyds are preferentially high, and that for the vast majority of its lifetime a disc in the ONC experiences lower wind driven mass loss rates of a few 10 −8 M yr −1 .
Our model also represents a test of the multiple stellar population hypothesis for the ONC. In the (projected) core, the differences between the disc property distributions across stellar populations of different ages are as follows:
(i) The older population has on average less massive PPDs.
(ii) The relationship between disc mass and host mass steepens with age. While this is possibly also a signature of secular disc evolution, external photoevaporation is expected to enhance it. However, this finding has the major caveat that the relationship begins to flatten again when discs fall below the sensitivity limit and drop out of the sample. This leaves preferentially higher mass discs and creates a bias towards stars which are at a physically greater distance from the core than is apparent from their projection.
(iii) Linking to the previous point, PPDs with a significant dust mass in an older stellar population may be preferentially hosted by more massive stars with respect to the younger populations.
(iv) Disc radii in each individual population exhibit stronger correlation with stellar host mass than is found across all populations.
(v) PPDs in older populations have preferentially smaller discs than those in younger populations.
Our results therefore represent both a solution to the proplyd lifetime problem and a test for the hypothesis that multiple stellar populations exist in the ONC. We conclude that because of the complex star formation history, and because it hosts a population of stars which are young (∼ 0.8 Myr old) with respect to the age spread, using the ONC as the archetypal region of study for externally depleted PPDs yields confusing and conflicting results. Regions such as Cygnus OB2, for which the spread of ages is smaller with respect to the average age of the region, show clearer signs of externally photoevaporated discs (Guarcello et al. 2016; Winter et al. 2019b ). Pop. 3 Pop. 2 Pop. 1 Figure A1 . As in Figure 7b but for initial conditions where the initial disc mass M disc,0 = 0.1m * (as opposed to M disc,0 = 0.1 M ). The power law index is β = 0.19 for all stars and β = 0.5, 2.1 and 2.7 for Pops. 1, 2 and 3 respectively.
